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WO 99/18782 j PCT/US98/21433 

WATER-DILUTABLE , MICROEMUL5ION CONCENTRATE 
AND POUR-ON FORMULATIONS THEREOF 

CROSS -REFERENCE TO RELATED PATENT APPLICATION 

This application is a continuation-in-part of 
Provisional application Serial No. 60/061,944, £iled 
October 14, 1997, by the same inventors as herein. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a water-dilutable , 
microemulsion concentrate and pour-on formulations 
thereof, particularly for water-insoluble insecticides 
such as amitraz . 

2 . Description of the Prior Art 

Many different delivery systems are available to 
deliver agriculturally active chemicals to an animal or 
plant site. However, such chemicals which are insoluble 
in water present a formidable challenge to effective use 
of such pesticide chemicals. Clearly, such chemicals 
cannot be readily formulated into an aqueous delivery 
system for pour-on application to animals or plants. 
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Accordingly, it is an object of this invention to 
provide a water-dilu table , microemulsion concentrate and 
pour-on formulations thereof for water-insoluble 
insecticides . 

A specific object herein is to provide stable 
aqueous delivery systems for the water -insoluble amitraz 
insecticide. 

SUMMARY OF THE INVENTION 

What is described herein is a water-dilutable , 
microemulsion concentrate and aqueous pour-on and dip 
formulations for insecticide agriculturally active 
chemicals . The concentrate comprises by weight : 

(a) about 3-25% of a water-insoluble insecticide; 

(b) about 35-55% of a primary nonionic emulsifier, 
preferably having an HLB of about 8-9; and 

(c) a secondary emulsifier admixture of 

(i) about 10-40% of a C 8 -Ci 8 alkyl pyrrolidone, 
optionally 0-20% of N-methylpyrrolidone , 

(ii) about 10-35% of a nonionic emulsifier, 
preferably having an HLB of about 14-16; 

the HLB of the concentrate being about 8-11. 

Preferred concentrates have (a) about 8-15%; 
(b) about 38-50%; (c) (i) about 15-30%; and (c) (ii) 
about 20-30%, wherein (b) is an ethoxylated (EO) castor 
oil; (c) (i) is a C 8 alkyl pyrrolidone; and (c) (ii) is an 
ethoxylated sorbitan monooleate, and (a) is amitraz. 
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Most preferred concentrates have (b) an ethoxylated 
(15 EO) castor oil; (c) (i) a C 8 alkyl pyrrolidone; and 
(c) (ii) an ethoxylated (20 EO) sorbitan monooleate, 
wherein (a) is amitraz; (b) has an HT*B of 8.6; (c) (i) is 
22.6-24.2% of C 8 alkyl pyrrolidone; and (c) (ii) has an 
HLB of 15.0. 

The concentrate is substantially anhydrous and shows 
< 10% decomposition when stored over a molecular sieve or 
in the presence of a stabilizer additive at 52 °C for 2 
weeks . 

The concentrate preferably includes about 1-14% of 
the N-methylpyrrolidone . 

A water-diluted, pour-on use formulation of the 
invention comprises the concentrate and water of 
dilution, which, for a pour-on formulation is diluted 
with water up to about a 1:200 dilution ratio of 
concentrate : water , preferably giving a 1% insecticide 
concentration, and wherein substantially 100% of the 
insecticide is available upon use. 

A formulation of the above concentration which is 
diluted up to 10,000:1 with water is used as a "dip" 
formulation . 

DETAILED DESCRIPTION OF THE INVENTION 

The water-dilutable microemulsion concentrate of the 
invention has the composition in % by weight shown in 
Table 1 below: 
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TABLE 1 



Ingredient Suitable Preferred 

(a) Agriculturally active 3-25 8-15 

chemical e.g. water- 
unstable insecticide 
such as amitraz, optionally 
with pyrethroid, e.g. 

deltamethrin 0-6 1-4 

(b) Pri m a r y Nonionic 35-5S 38-50 

Emulsifier preferably 
having HLB of 8-9, 
e.g. e thoxy lated 
(15 EO) castor oil 

(c) Secondary Nonionic 

Emulsif iers 

(i) C e -C 18 alkyl 10-40' 15-30 
pyrrolidone , e . g . 

N-octyl pyrrolidone 
(HLB 6) , 

(ii) a nonionic 10-35 20-30 
emulsifier , preferably 

having HLB of 14-16, 
e.g. an e thoxy lated 
(20 EO) sorbitan monooleate 

(d) Molecular sieve 5-20 7-15 

or Stabaxol® I 

(e) Rhodafac® RS 710 0-5 0.5-3 
(pH buffer for pyrethroid) 

(f) Silwet® L77 0-7 0.5-5 
(silicone wetting agent) 

(g) HLB of Concentrate 8-11 10 

(h) N-Methylpyrrolidone (NMP) 0-20 1-14 
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Amitraz is a triazapentadiene (substituted aromatic 
di-imidine) compound with insecticide and acaricidal 
activity; it is only soluble in water to the extent of 1 
mg/liter, and has a hydrolysis half -life of 6 hours in an 
aqueous buffer of pH 7. Usually it is applied to cattle, 
pigs, dogs and sheep as a pour-on dip or spray 
formulation, to control ectoparasites, such as mites, 
ticks, mange and lice. 

The amitraz component of the emulsion concentrate of 
this invention is clear and stable for at least 21 days 
at 52°C, preferably when stored in the presence of a 
molecular sieve or a stabilizer additive such as 
Stabaxol® I. More particularly, under these conditions, 
greater than 85% of amitraz was retained at elevated 
temperatures and for an extended period of time. 

Upon dilution with water up to 200 times, the 
emulsion concentrate of the invention provided effective 
pour-on use formulations which themselves were stable 
over an extended period even at elevated temperatures. 

The invention will now be described in detail with 
reference to the following examples. 

EXAMPLES 

Agsol® Ex 1 = N-methylpyrrolidone 
Agsol® Ex 8 = N-octylpyrrolidone 

Alkamuls® CO-15 = Castor oil ethoxylate (15 EO) (Rhone 
Poulenc) 

Alkamuls® PSMO-20 = Sorbitan monooleate (20 EO) (Rhone 
Poulenc) 
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Rhodafac® RS 710 = Branched ethoxylated phosphate ester 
(9.75 EO) (Rhone Poulenc) 

Silwet® L77 = Heptamethyltrisiloxane (Osi Specialties, 
Inc. ) 

Molecular Sieves 4A 

Stabaxol® I = 2 , 2 ' , 6 , 6 ' - tetraisopropyldiphenyl 
carbodi, imide (Rhein Chemie) 

EXAMPLE 1 

A water dilutable concentrate with amitraz as the 
active ingredient was prepared by dissolving 13.9 g of 
technical grade amitraz (72% a.i.) in 86.1 g of a matrix 
formulation of 21.5 g of N-octylpyrrolidone sold under 
the name of Agsol Ex 8, 40.4 g of Alkamuls CO-15 , and 
24.2 g of Alkamuls PSMO-20. The calculated HLB of this 
matrix as 9.7. The concentrate was dried using 9 g of 
molecular sieves 4A. HPLC analysis showed greater than 
85% retention of a.i. after storing the sample at 52 °C 
for 21 days . Without the addition of the molecular 
sieves 4A, more than 90% of the active degraded when 
stored under similar conditions . The concentrate was 
then diluted at 1:5, 1:10, 1:20 and 1:100 with 1000 ppm 
hard water. The diluted samples remained physically 
stable and clear when kept at room temperature for 3 
days. HPLC analysis of the 1:10 dilution sample showed a 
retention of active of at least 95% after 4 days at 23°C. 
The particle size of the diluted samples at 90% 
population was less than 0.04 microns at 20°C, 0.14 
microns at 24°C and 0.2 microns at 35°C. The particle 
sizes were reversible with a change in temperature, and 
related to the cloud point of the nonionic surfactants in 
the formulation. 
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EXAMPLE 2 

A water dilutable concentrate with amitraz as the 
active ingredient was prepared by dissolving 13.9 g of 
technical grade amitraz (72% a.i.) in 86.1 g of a matrix 
formulation of 16.2 g of Agsol Ex 8, 43.7 g of Alkamuls 
CO-15 and 26.2 g of Alkamuls PSMO-20. The calculated HLB 
of this matrix was 10.1. The concentrate was dried using 
9 g of molecular sieve 4A. The concentrate was then 
diluted at a 1:10 ratio with 1000 ppm hard water. The 
diluted sample remained physically stable and clear at 
room temperature for 2 days . 

EXAMPLE 3 

A water dilutable concentrate with amitraz as the 
active ingredient was prepared by dissolving 13.9 g of 
technical grade amitraz (72% a.i.) in 86.1 g of a matrix 
formulation of 10.8 g of Agsol Ex 8 , 47.1 g of Alkamuls 
CO-15 and 28.3 g of Alkamuls PSMO-20. The calculated HLB 
of this matrix was 10.4. The concentrate was dried using 
9 g of molecular sieves 4A. The concentrate was then 
diluted at a 1:10 ratio with 1000 ppm hard water. The 
diluted sample showed some amitraz precipitate within a 
day. 

EXAMPLE 4 

A water based formulation with amitraz as the active 
ingredient was prepared by dissolving 1 g of technical 
grade amitraz (72% a.i.) in 99 g of a matrix formulation 
consisting of 0.37 g of Agsol Ex 8, 6.0 g of Alkamuls CO- 
15, 3.6. g of Alkamuls PSMO-20 and 1.5 g of Agsol Ex 1. 
The calculated HLB of this matrix was 10.8. The 
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concentrate was diluted with 87.5 g of water of hardness 
of 1000 ppm expressed as CaC03- The diluted samples 
re ma ined physically stable and clear at room temper a ture 
for 2 days. 

EXAMPLE 5 

A water based formulation with amitraz as the active 
ingredient was prepared by dissolving 1 g of technical 
grade amitraz (72% a.i.) in 99 g of a matrix formulation 
of 0.12 g of Agsol Ex 8, 6.1 g of Alkamuls CO-15, 1.8 g 
of Alkamuls PSMO-20 and 1.5 g of Agsol Ex 1. The 
calculated HLB of this matrix was 10.9. The concentrate 
was diluted with 87.5 g of 1000 ppm hard water. The 
diluted sample remained physically stable and clear at 
room temperature for 1 day. 

EXAMPLE 6 

A water based formulation with amitraz as the active 
ingredient was prepared by dissolving 1 g of technical 
grade amitraz (72% a.i.) in 99 g of a matrix formulation 
of 0.62 g of Agsol Ex 8, 5.9 g of Alkamuls CO-15 , 3.5 g 
of Alkamuls PSMO-20 and 1.5 g of Agsol Ex 1. The 
calculated HLB of this matrix was 10.7. The concentrate 
was diluted with 87.5 g of 1000 ppm hard water. The 
diluted sample remained physically stable and clear at 
room temperature for 2 days. 

EXAMPLE 7 

A water dilutable concentrate with amitraz as the 
active ingredient was prepared by dissolving 13.9 g of 
technical grade amitraz (72% a.i.) in 86.1 g of a matrix 
formulation of 21 g of Agsol Ex 8, 40.2 g of Alkamuls CO- 
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15 and 24.8 g of Alkamuls PSMO-20. The calculated HLB of 
this matrix was 9.8. The concentrate was dried using 9 g 
of molecular sieves 4A. The concentrate was diluted at a 
1:10 ratio with 1000 ppm hard water. The diluted sample 
remained physically stable and clear at room temperature 
for 2 days. 

EXAMPLE 8 

A water dilutable concentrate with amitraz and 
deltamethrin as active ingredients were prepared by 
dissolving 13.9 g of technical grade amitraz (72% a.i.) 
and 3 g of deltamethrin in 83.1 g of a matrix formulation 
of 19.9 g of Agsol Ex 8, 39.0 g of Alkamuls CO-15, 23.4 g 
of Alkamuls PSMO-20 and 0.83 g Rhodafac RS 710. The 
concentrate was dried using 10 g of molecular sieves 4A. 
HPLC analysis showed greater than 78% retention of 
ami traz and greater than 61% retention of deltamethrin 
after storing the sample at 52 °C for 20 days. The 
concentrate was diluted at 1:10 and 1:100 with 1000 ppm 
hard water. The diluted samples remained physically 
stable and clear at room temperature for 5 days. 

EXAMPLE 9 

A water dilutable concentrate with amitraz as the 
active ingredient was prepared by dissolving 13.9 g of 
technical grade amitraz (72% a.i.) in 86.1 g of a matrix 
formulation of 21 g of Agsol Ex 8, 40 g of Alkamuls CO- 
15, 24 g of Alkamuls PSMO-20 and 0.86 g Rhodafac RS 710. 
The concentrate was dried using 10 g of molecular sieves 
4A. HPLC analysis showed greater than 73% retention of 
amitraz after storing the sample at 52 °C for 20 days. 
The concentrate was diluted at 1:10 with 1000 ppm hard 
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water. The diluted sample remained physically stable and 
clear at room temperature for 3 days. 

EXAMPLE 10 

A water dilutable concentrate with deltamethrin as 
the active ingredient was prepared by dissolving 0.5 g of 
deltamethrin in 99.5 g of a matrix formulation of 23.8 g 
of Agsol Ex 8, 46.7 g of Alkamuls CO-15, 28 g of Alkamuls 
PSMO-20 and 0.99 g Rhodafac RS 710. The concentrate was 
diluted at 1:10 and 1:100 with 1000 ppm hard water. The 
diluted samples remained physically stable and opaque 
when kept at room temperature for 6 days. 

EXAMPLE 11 

A water dilutable concentrate with deltamethrin as 
the active ingredient was prepared by dissolving 3 g of 
deltamethrin in 97 g of a matrix formulation of 23 g of 
Agsol Ex 8, 46 g of Alkamuls CO-15, 27 g of Alkamuls 
PSMO-20 and 0.97 g Rhodafac RS 710. The concentrate was 
dried using 10 g of molecular sieves 4A. HPLC analysis 
showed greater than 93% retention of deltamethrin after 
storing the sample at 52° C for 20 days. The concentrate 
was diluted at 1:10 and 1:100 with 1000 ppm hard water. 
The diluted samples remained physically stable and 
slightly hazy when kept at room temperature for 1 day, 
and only hazy for 6 days at 1:100 dilution. 
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EXAMPLE 12 , 

A water dilutable concentrate with deltamethrin as 
the active ingredient was prepared by dissolving 3 g of 
deltamethrin in 97 g of a matrix formulation of 24 g of 
Agsol Ex 8, 46 g of Alkamuls CO-15 and 27.6 g of Alkamuls 
PSMD-20. The concentrate was dried using 10 g of 
molecular sieves 4A. HPLC analysis showed greater than 
50% retention of deltamethrin after storing the sample at 
52 °C for 20 days. 

EXAMPLE 13 

A water dilutable concentrate with amitraz as the 
active ingredient was prepared by dissolving 13.9 g of 
technical grade amitraz (72% a.i.) in 76.1 g of a matrix 
formulation of 18.4 g of Agsol Ex 8, 36.1 g of Alkamuls 
CO-15 and 21.6 g of Alkamuls PSMO-20 . 10% Stabaxol was 
added into the formulation in place of the molecular 
sieves to stabilize the amitraz. HPLC analysis showed 
greater than 85% retention of a.i. after storing the 
sample at 52 °C for 14 days. The concentrate was diluted 
at 1:10 with 1000 ppm hard water. The diluted sample 
remained physically stable and clear at room temperature 
over 12 days. HPLC analysis showed a retention greater 
than 95% or higher after 11 days storage at room 
temperature . 

EXAMPLE 14 

To Example 13 was added 2% Silwet L77, a silicone 
wetting agent, to enhance spreading and wetting of the 
microemulsion formulation. The concentrate was diluted 
at 1:10 with 1000 ppm hard water. A slightly hazy 
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solution was observed due to the presence of the 
silicone. The silicone material settled out after 1 day 
at room temperature, but was easily redispersed with 
slight shaking. 

EXAMPLE 15 

To Example 1 was added 2% Silwet L77. The 
' concentrate was diluted at 1:10 with 1000 ppm hard water. 
A slightly hazy solution was observed again and the 
silicone material settled out after 1 day at room 
temperature. However, it easily redispersed with slight 
shaking . 

While the invention has been described with 
particular reference to certain embodiments thereof, it 
will be understood that changes and modifications may be 
made which are within the skill of the art. Accordingly, 
it is intended to be bound only by the following claims, 
in which: 
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WHAT IS CLAIMED IS: 

1. A water-dilutable microemulsion concentrate 
comprising, by weight: 

(a) (i) 3-25% of a water-insoluble insecticide, 
(ii) 0-6% of a pyrethroid, 

(b) 35-55% of a primary nonionic emulsifier, 

(c) a mixture of secondary nonionic emulsif iers 
comprising: 

(i) 10-40% of a Cb-Cib alkyl pyrrolidone, 
optionally including 0-20% of N-methylpyrrolidone , and 

(ii) 10-35% of a nonionic emulsifier, 

(d) 5-20% of a molecular sieve or a water 
stabilizer additive, 

in which the HIiB of the concentrate is about 8-11. 

2 . The concentrate according to claim 1 wherein (a) 
(i) is 8-15%; (a) (ii) is 1-4%; (b) is 38-50%; (c) (i) is 
15-30%; (c) (ii) is 20-30%; (d) is 7-15%; and the HLB of 
the concentrate is about 10.. 

3. The concentrate according to claim 1 wherein (a) 
(i) is amitraz, (a) (ii) is deltamethrin ; (b) is 
ethoxylated (15EO) castor oil; (c) (i) is N- 
octylpyrrolidone, (c) (ii) is ethoxylated (20EO) sorbitan 
monooleate; and (d) is a molecular sieve 4A. 
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4. The concentrate according to claim 1 wherein (b) 
has an HLB of about 8-9; (c) (i) has an HLB of about 6, 
and (c) (ii) has an HLB of about 14-16. 

5. The concentrate according to claim 1 wherein (d) 
is the additive 2 , 2' , 6 , 6' -tetraisopropyldiphenyl 
carbodimmide . 

6. The concentrate according to claim 1 which 
includes up to 5% of a pH buffer or up to 7% of a 
silicone wetting agent, or both. 

7. The concentrate according to claim 1 which is 
clear and stable for at least 2 weeks at 52°C. 

8. The concentrate according to claim 6 wherein 
0.5-3% of a pH buffer and 0.5-5% of a silicone wetting 
agent . 

9. A concentrate according to claim 1 wherein (a) 
is amitraz. 

10 . An aqueous pour-on formulation comprising the 
concentrate of claim 1 and dilution water up to a 1:200 
ratio of concentrate : water . 

11. An aqueous pour-on formulation according to 
claim 9 which has a use level of about 1% active. 

12 . A dip formulation according to claim 1 which is 
diluted with water up to 1:10,000 of the 

concentrate : water . 
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